ABSTRACT
Introduction
Diverticulosis is an acquired disease involving herniations of the colonic mucosa at sites of low resistance of the muscle layer of the colon wall. A considerable increase in the prevalence of diverticular disease has been observed in western populations, which is related to the diet of industrialized nations 1 
.
An increase in type I collagen is observed in malignant tumors of the colon, but not in diverticular disease 10 . In the same line of research, Mimura et al. 11 demonstrated an increase of collagen content in the mucosal and submucosal layers in complicated diverticular disease and Stumpf et al. 12 observed alterations in the collagen metabolism of patients with diverticular disease. Another study demonstrated a reduction in total collagen content in the colon wall of patients with Crohn's disease 13 .
Although the morphology and alterations found in diseases of the colon wall have been extensively studied, little is known about the distribution of collagen fibers in diverticular disease and its complications. Thus, it seems reasonable to investigate the quantitative alterations that occur in these fibers in diverticular disease of the colon. On this basis, the objective of the present study was to evaluate alterations in the deposition of collagen in the colon wall of patients with diverticular disease of the sigmoid colon and controls without diverticular disease, by quantification of collagen, muscle tissue and glandular epithelium.
Methods
The study protocol was approved by the Ethics Committee In the disease group, the samples were taken from defined regions macroscopically free of abscesses, fistulas and necrotic tissue along the sigmoid. The sigmoid specimens resected from both groups measured 30 to 50 mm in length by approximately 20 mm in width and included the mucosa, submucosa, muscle and serous layers.
Collagen study
A Sirius red test was performed (EasyPath code EP-11-20011) using a kit purchased from Erviegas Surgical Ltda (Brazil).
For the test, initially the slides were deparaffinized through three successive baths lasting five minutes (each batch) in xylene. After dehydration, the slides were submerged in absolute alcohol at 95%, 80% and 50%, and washed for five minutes in running water and then in distilled water, then 10 drops of picrosirius reagent was added and maintained for one hour.
The total collagen content of the colonic wall was The captured images were transferred to a CellSens version 1.5 program processor (Olympus software platform) in which the highlighted images displaying collagen, muscle tissue and gland tissue were separated on each slide.
Computerized quantification was performed by counting the picrosirius-stained red areas (F), the grey areas for the colon wall muscle (M) and the blue areas for the gland epithelium (E). The collagen fibers (F) were compared in terms of area proportionality and the relationship between wall muscles (M) and gland epithelium (E) areas. The F fraction, M fraction and E fraction were determined based on the ratio of each area in each region (collagen, muscle tissue and gland epithelium) to the total area.
All measurements and the sum of all stained areas were determined and a measure was generated for each patient. The morphometric analysis was performed in all areas of each tissue fragment (not in fields).
Statistical analysis
Data were analyzed statistically by the Wilcoxon test to determine possible differences between independent groups for a given measure, with the level of significance set at 0.05. The analyses were carried out with the aid of the SAS Software (Statistical Analysis System).
Initially, a pilot project was carried out in order to estimate the variability of the main measure, i.e., collagen concentration. The variability thus estimated was used in the design of the sample investigated in the present study.
Results
Figures 1 and 2 below illustrate the Sirius red test in the colonic wall. In the samples analyzed, an increase in collagen deposition was present on the colonic wall of the disease group compared to control, whereas no difference was observed between groups in the analysis of the muscle layer (Table 1) . Comparison of the colonic wall (F fraction) and muscle (M fraction) areas of the two groups showed a statistically significant difference (p=0.044 and p=0.026, respectively). Gland tissue areas also differed significantly between groups (Figure 3 ). of collagen fibers in ovarian carcinoma 18 . In a retrospective study, Krones et al. 19 , observed that the simultaneous occurrence of diverticular disease and cancer seems to be less frequent than individual epidemiological estimates of either disease. Rodrigues Jr et al. 20 evaluated collagen concentration in direct and indirect inguinal hernias by picrosirius staining and observed a lower collagen concentration in the transversalis fascia of patients with direct hernias compared to those with indirect hernias. Picrosirius staining combined with polarized light microscopy is specific for the identification of collagen
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. Fibrous tissue is characterized by an increase in type I and III collagen and fibrosis can have the aspect of tissue repair or of a response to a pathological stimulus. Excessive collagen deposition can damage the function of the affected organ 22 .
Steroids used for the treatment of chronic diseases induce the activation, recruitment and proliferation of defense cells, including neutrophils and macrophages. The prolonged use of corticosteroids exerts a protective effect on the survival of neutrophils and delays apoptosis (death of neutrophils). These cells may be involved in the pathogenesis of severe inflammation in diverticulitis 23 . The present study demonstrated an increasing trend in the amount of collagen in diverticulitis. Collagen deposition in the F area was significantly higher in the disease group than in the control group (p=0.003). The submucosal layer, which mainly consists of collagen and elastic fibers, plays an important role in the early healing stage of anastomoses and confers tensile strength and resistance to sutures in the gastrointestinal tract 24 . Analysis of the deposition of collagen in the glandular epithelium (E area) showed significantly higher deposition in the disease group compared to control (p=0.02). Comparison of the M fraction between the disease group and control revealed a significant difference (p=0.02). In the present investigation, the lower fraction represented by the musculature of the disease group compared to the control group could be explained by the higher collagen deposition on the colon wall of the disease group.
According to previous theories, the formation of diverticula is a slow process that can take several years and involves the remodeling of connective tissue. Furthermore, the abnormalities observed in the wall of the sigmoid colon may be related to motility disorders and diet.
Conclusion
Collagen deposition in the colon wall was increased in patients with diverticulitis of the sigmoid colon compared to patients without the disease.
